Introduction
Substantial improvements in dialysis management and kidney transplantation in the last four decades have led to an increased acceptance on to renal replacement therapy (RRT) and an increased survival of children with end-stage renal disease (ESRD) [1] [2] [3] [4] [5] [6] [7] . As a result, young adults with a history of pediatric RRT have been entering into adult RRT programmes since the 1970's. Whereas most papers in this area of pediatric nephrology have focused on incidence, prevalence and patient survival of children starting RRT [5] [6] [7] [8] [9] [10] [11] , this group of young adults who started RRT during childhood has received little attention.
When children on RRT reach adulthood they are transferred from a pediatric to an adult nephrology service with different staff and organizational structure where they are expected to take more responsibility for their own care than before. It is of interest for both pediatric and adult nephrologists to gain information on the characteristics of this group. In the case of pediatric nephrologists these patients reflect the outcome of their efforts over the many years when these children attended their units. For adult nephrologists it is important to know more about the background of these patients who newly enter their practice and to learn about their prognosis.
The aim of this study is to describe the patient demographics, primary renal diseases, and treatment history, and to determine the risk factors for mortality in young adults who started RRT during childhood.
Subjects and Methods

Data collection
The ERA-EDTA Registry collects data annually on RRT patients from a large number of national and regional renal registries in Europe. These data include a patient identifier, date of birth, sex, primary renal disease, date of start of RRT, history of RRT treatment modalities and date and cause of death. Methods used for data collection and data processing have been reported previously [12] .
Population
For this study we used data on young adults on RRT, whom we defined as patients who had started RRT during childhood and who reached the age of 18 years. European national and regional registries that sent us individual patient data on such patients for the period 1 January 1985 to 31 December 2004 participated in this study, including Andalusia (Spain), Austria, Catalonia (Spain), Finland, Greece, Iceland, Norway, Scotland (United Kingdom) and The Netherlands.
Data analysis
To describe the characteristics of young adults on RRT and their prognosis after their 18 th birthday we used data from 1777 RRT patients who turned 18 years of age between 1985 and 2004. Patient characteristics and treatment history of young adults on RRT who reached their 18 th birthday were studied from two perspectives: (1) the age at the start of RRT; and (2) the time period when they turned 18. Numbers per million age-related population (pmarp) were calculated by dividing the number of young adults on RRT reaching the age of 18 years by an estimate of the number of all young adults in the general population turning 18. This estimate was calculated by taking one fifth of the general population aged 15 to 19 years. To determine how many young adults on RRT contributed to the total number of adult patients starting RRT we used additional data from the ERA-EDTA Registry database. Renal diseases and causes of death were defined according to the ERA-EDTA coding systems and were subsequently classified into groups (see Appendix). A change of dialysis modality was defined as a transfer to another dialysis modality for a period longer than 60 days. The chi-square test was used to test differences in characteristics of young adults on RRT between age groups and between time periods. Cox regression analysis was used to examine patient survival of young adults on RRT after reaching their 18 th birthday and to assess the relative risks of patient and treatment characteristics in relation to survival. The starting point was the 18 th birthday, whereas recovery of renal function, loss to follow-up and reaching the end of the study period were censored observations. In addition, we calculated the expected remaining lifetime and the average life expectancy for young adults on dialysis and young adults living with a functioning graft. Although the average cannot be known until all patients in the cohort have died, the expected remaining lifetime can be projected by assuming that these young adults will die at the same rates as those observed among groups of recently prevalent (2003) (2004) ) ESRD patients [4] . Statistical tests were two-tailed and differences were considered to be statistically significant when the p-value was less than 0.05. 95% confidence intervals were provided where relevant. For all data analyses SAS 9.1 was used. Primary renal disease. As shown in Table 1 , the most common primary renal diseases were pyelonephritis, glomerulonephritis and hypoplasia/dysplasia. Hypoplasia and dysplasia were most common in the group who had started RRT at a very young age (p<0.0001). Pyelonephritis (p<0.001) and glomerulonephritis (p<0.0001) became progressively more common with increasing age at the start of RRT. Table 2 shows that the number as well as the percentage of young adults with glomerulonephritis decreased with time (p<0.0001), especially in those patients who were older than 10 years of age at the start of RRT (data not shown). The numbers, percentages and numbers pmarp of young adults on RRT with hypoplasia/dysplasia and with cystic kidneys increased with time (p<0.0001 and p<0.05 respectively). 
Results
Between
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Treatment modality at start of RRT. The majority of the young adults on RRT had received haemodialysis as the first treatment modality, followed by peritoneal dialysis as the secondmost common modality ( Table 1) . The number and percentage of patients who had started on haemodialysis increased with age (p<0.0001), whereas the percentage of those starting with peritoneal dialysis decreased with age (p<0.0001). In addition, subgroup analysis showed that the percentage of young adults on RRT who had received haemodialysis as the first treatment modality declined over the study period (p<0.0001), due to a decrease in the relative number of patients in the older age categories, whereas the numbers, percentages as well as the numbers pmarp of those receiving peritoneal dialysis at onset of RRT and those with a pre-emptive transplant increased (both p<0.0001) across all age categories. Most young adults on RRT continued to receive the initial treatment modality (34.6%) or changed treatment modality once before reaching the age of 18 years (42.4%). The most frequent modality changes were from dialysis to transplant and from transplant to haemodialysis. The transition from one dialysis modality to the other was very rare, except in the youngest age group, in which a quarter of the children changed from peritoneal dialysis to haemodialysis. Patients who received their first transplant following a period on dialysis spent an average of 15.3 months on dialysis. This period decreased with age, from 25.4 months in the 0-4 age group to 10.2 months in the oldest age group. Table 1 shows that by the time children reached the age of 18 years, 60.4% of them had a functioning graft (32.6% with a kidney from a deceased donor, 19.8% with a living donor kidney and 8.0% with a kidney from an unknown source). Almost 75% of the young adults who started RRT before the age of 15 had a functioning graft at their 18 th birthday. This percentage decreased with age (p<0.0001) due the lower percentage of young adults with a transplant from a deceased donor (p<0.0001) in the older age groups, which can at least partly be explained by the shorter time spent on RRT before reaching the age of 18 years. In spite of that, the percentage of children with a transplant from a living donor remained more or less constant at approximately 20% across all age groups. As shown in Table 2 Subgroup analysis (data not shown) demonstrated that this increase was partly due to an increase in the number of pre-emptive transplants across all age categories and partly due to a rise in the number of transplants performed after a period of dialysis in young adults who had started RRT before the age of 10 years. Overall, 71.2% of the young adults on RRT received a kidney allograft during childhood, of whom 59.6% received a graft once, 10.0% twice, 1.3% three times and 0.2% four times.
Treatment modality at the age of 18 years.
The prognosis of young adults who started RRT during childhood
After reaching the age of 18 years, the unadjusted overall one-, two-and five-year patient 
years for males and females).
Discussion
This is the first study that has examined the patient demographics, primary renal diseases, treatment history and the outcome in adult life of young adults turning 18 whilst on RRT. The results showed that the number pmarp (i.e. per million persons reaching the age of 18 years) of young adults receiving RRT increased between 1985 and 2004. Since 1985, the patient characteristics of young adults who had their care transferred to adult nephrology services has changed in that there was an increase in the percentage of patients who started RRT at a young age. Simultaneously, the pattern of primary renal diseases has changed as has the pattern of first treatment modality. The prognosis of young adults on RRT following their 18 th birthday was good. Their survival prospects were independent of age at the start of RRT, but highly dependent on having, or not having, a functioning transplant at their 18 th birthday.
Characteristics and treatment history of young adults who started RRT during childhood
In view of the small numbers, in daily practice it would be rare for a nephrologist who cares for adult patients to take over the care of a young adult who started RRT during childhood.
As shown, young adults who started RRT during childhood and reached the age of 18 years increased the total number of adult patients starting RRT by only 1.5%. The characteristics of the group of young adults on RRT have changed over time. The changes in age distribution, at the onset of RRT, over the study period were probably largely Table 3 -One-, two-and five-year survival rates and hazard ratios since the age of 18 years (for young adults on RRT) after adjustment for age at start of RRT, sex, primary renal disease and treatment modality due to a more liberal acceptance policy, and possibly improved survival prior to the commencement of RRT, of young children with hypoplasia/dysplasia or cystic kidneys.
Furthermore, a more proactive policy towards pre-emptive transplantation in children with ESRD may be responsible in part for the relative decline in average age at the start of RRT. In addition, the increase in the number pmarp of young adults on RRT was due to the improved patient survival on RRT in the young age categories [5] .
Advances in dialysis techniques have made it possible to dialyse children successfully, keeping the rate of dialysis technique failure low and allowing children to survive and grow sufficiently to undergo kidney transplantation. In addition, the increase in the number pmarp of young children, as well as technical advances [11, 13, 14] and a more frequent use of PD in children in general [10, 11, 15] has led to a higher frequency of PD as the first treatment modality in young adults at the start of RRT. Similarly, the increasing number pmarp of children receiving a (pre-emptive) transplant and the improved survival of transplanted patients over the study period [7, 11, 16, 17] contributed to a greater number pmarp of young adults who had a functioning graft at their 18 th birthday.
The prognosis of young adults who started RRT during childhood
Despite having been on RRT, sometimes for a prolonged period, the prognosis of young adults on RRT after their 18 th birthday was good. This study revealed that patient survival after the age of 18 years did not depend on the history of RRT modalities, but was primarily determined by the type of RRT that was being employed at their 18 th birthday; young adults with a functioning kidney transplant had much higher survival probability compared to those on dialysis. This was also reflected in their expected remaining lifetime, which was at least twice as high for transplant recipients compared with dialysis patients. For the daily practice of nephrologists that provide care to young adults on RRT it is important to note that the prognosis of these patients is at least as good as, or maybe even better than that of prevalent patients aged 20-24 or 25-29 years, a considerable proportion of whom started RRT only in their twenties: patients aged 20-24 years have an expected remaining lifetime of 18.6 years if on dialysis and 40.3 years with a functioning graft, while patients aged 25-29 years have an expected remaining lifetime of 16.4 years and 35.6 respectively [18] . However, a potential survival advantage of being a young adult who started RRT as a child may be the result of survivor bias, since these adults have already survived a period on RRT.
Conclusions
This study demonstrates that only a small percentage of patients on RRT entering the adult nephrology services comprise young adults who started RRT during childhood. Over the past two decades the number of these patients per million age-related population has been increasing. In addition, the patient characteristics and treatment history of this group have changed over time. This study also shows that the prognosis of these young adults does not depend on their medical history, but is primarily determined by treatment modality. As young adults with a functioning graft have a life expectancy that is twice as long as that of those who remain on dialysis, our results, again, underline the importance of renal transplantation. 
